High tannin concentrations are found in nearly every part of the plant, such as bark, 52
wood, leaf, fruit, root and seed. Tannins also widely occur in common foodstuffs such 53 as banana, strawberry, raspberry, blackberry, grape, mango, cashew nut, hazelnut, 54 walnut and so on. Drinks like wines and tea also contain these phenolic compounds. 55
Tannins are considered nutritionally undesirable because they inhibit digestive enzymes 56 and affect the utilization of vitamins and minerals, they may be involved in cancer 57 formation, and hepatotoxicity. Therefore, it is not advisable to ingest large quantities of 58 tannins, since they may constitute a risk of adverse health effects (Chung et al., 1998) . 59
Vegetable tannins can be classified into hydrolyzable and non-hydrolyzable or 60 condensed tannins, being tannic acid the most representative hydrolyzable tannins. 61
Tannic acid is one of the most abundant reserve materials of plants. Tannase (tannin  62 acyl hydrolase, EC. 3.1.1.20) catalyzes the hydrolysis of ester and depside linkages in 63 7 ml/min; 80-90 min, 100% B linear, 1.2 ml/min; 90-100 min, washing (methanol), and 148 100-120 min, 1.0 ml/min reequilibration of the cartridge (Bartolomé et al., 2000) . 149 150
Gallic acid analysis 151 152
The esterase activity of tannase was determined using a rhodanine assay specific 153 for gallic acid (Inoue and Hagerman, 1988) . Rhodanine reacts only with gallic acid and 154 not with galloyl esters or other phenolics. Therefore, gallotannins are measured by 155 determining the quantity of gallic acid formed after hydrolysis of the tannins. Gallic 156 acid analysis in the reactions was determined using the following assay. Extract aliquots 157 of 00 μl ere incuated ith 00 μl of 25 mM methl allate in phosphate buffer (50 158 mM, pH 6.5) during 10 min at 37 ºC. After this incubation, 150 μl of a methanolic 159 rhodanine solution (0.667% w/v rhodanine in 100% methanol) was added to the 160 mixture. After 5 min incubation at 30 ºC, 100μl of 500 mM H as added and the 161 mixture as diluted to 00 μl ith distilled ater. fter an additional incuation of 5-162 10 min, the absorbance at 520 nm was measured on a Beckman-Coulter DU-70 163 spectrophotometer. A standard curve using gallic acid concentrations ranging from 164 0.125 to 1 mM was prepared. 165
One unit of tannase activity was defined as the amount of enzyme required to 166 release  μmol of allic acid per minute under standard reaction conditions. 167 168
Enzyme characterization 169 170
The effect of different temperatures, substrate concentration, and additives on 171 tannase activity from L. plantarum cell-free extracts was studied. Tannase activity was8 assayed by the rhodanine assay as described above. Unless otherwise stated, the 173 standard reaction assays contained methyl gallate (12.5 mM), and enzyme extract in 50 174 mM, pH 6.5, in a total volume of 200 μl; the reactions, carried out at  ºC were 175 terminated  the addition of 50 μl of the methanolic rhodanine solution. proteins were dissolved and dialyzed against phosphate buffer (50 mM, pH 6.5) at 4 ºC. 216
Duplicate aliquots of the concentrated proteins were subjected to PAGE in native 217 conditions (non-denaturing) or in presence of SDS. The zymogram analyses were 218 performed following a modified protocol based on a previous described method (Skene 219 and Brooker, 1995) . Briefly, following electrophoresis, both gels were divided in half 220 and proteins in one half were localized by staining with Coomassie Blue R250. The 221 other half from the SDS gel was subjected to three washes at room temperature for 30 222 min per wash in a buffer containing 50 mM Tris-ClH, pH 8.0, 1 mM EDTA and 5 mM 223 -mercaptoethanol, in order to renature the proteins. After that, halves from SDS or 224 native polyacrylamide gels were submerged in 25 mM gallic acid methyl ester solution, 225 and incubated for 30 min at 37 ºC. After incubation, both types of gel were submerged 226 in 0.67% methanolic rhodanine solution for 5 min and then in 0.5 N KOH, in order to 227 develop the purple-coloured rhodanine-gallate complex. 228 isolates. They used methyl gallate, a simple galloylester of methanol, as a substrate to 235 be hydrolyzed by the bacterial tannase, and then, the gallic acid released from methyl 236 gallate was oxidized to give a green to brown color, sufficient to be recognized visually 237 or in a spectrometer (Nishitani and Osawa, 2003; Nishitani et al., 2004; Vaquero et al., 238 2004) . Similarly, a spectrophotometric method was used by Lamia and Hamdi (2002) In order to demonstrate L. plantarum tannase activity on tannic acid, we used the 242 following experimental approach. Since Lamia and Hamdi (2002) described that L. 243 plantarum produced an extracellular tannase after 24 h growth on minimal medium of 244 amino acids containing tannic acid, we grew L. plantarum CECT 748
T on a basal 245 medium containing 1 mM tannic acid for a week. As control, we incubated the medium 246 in the same conditions. From the L. plantarum culture, the cells were pelleted, and the 247 11 tannic acid in the supernatant was extracted and analyzed by HPLC. A commercial 248 tannic acid extracted from oak gall nuts from Quercus infectoria was used in the media. 249
The manufacturer indicated that the typical composition of this tannic acid is gallic acid, 250
and mono-to octagalloyl glucose products. tannic acid, such as methyl gallate, would be able to enter inside the bacterial cell, be 264 enzymatically degraded, and followed by the release of its degradation products outside 265 the cell. However, complex compounds, like tannic acid, would be unable to pass into 266 the cell to be degraded. The molar mass of tannin molecules affects tannin´s characteristics directly. It 289 has been found that the higher the molar mass of tannin molecules is, the stronger the 290 anti-nutritional effects and the lower the biological activities are (Chung et al., 1998) . 291
Small molecule tannins such as monomeric, dimeric and trimeric tannins are suggested 292 to have less anti-nutritional effects and can be more readily absorved. Marker biological 293
and pharmacological activities such as anticarcinogenic activity, host-mediated 294 antitumor activity, antiviral activity, inhibition of lipid peroxidation have been shown 295 for medical herbs to contain small molecule tannins (Okuda et al., 1992) . 296 13 Taking into account the tannic acid degradation observed by cell-free extract in 297 the described experiment, we unequivocally demonstrated for the first time that L. 298 plantarum is able to extensively degrade tannic acid. 299 300
Biochemical properties of L. plantarum tannase 301 302
Tannic acid is almost exclusively formed by poly-galloyl glucose derivatives 303 whose nature and complexity vary with the plant source. A certain proportion of the 304 galloyl groups are bound in the form of m-depsides. Therefore, tannic acid-305 decomposing enzyme tannase contains two activities, an esterase and a depsidase with 306 specificities for methyl gallate and m-digallic acid ester linkages, respectively (Haslam 307 and Stangroom, 1966) . 308
Since tannase catalyzes the hydrolysis of the galloyl ester linkage of the tannic 309 acid liberating gallic acid, the activity of tannase could be measured by estimating the 310 residual tannic acid or gallic acid formed due to enzyme action (Mueller-Harvey, 2001) . 311
A method specific for the detection of gallic acid could be used for a reliable 312 quantification of tannase activity. Inoue and Hagerman (1988) described a rhodanine 313 assay for determining free gallic acid. Rhodanine reacts with the vicinal hydroxyl 314 groups of gallic acid to give a red complex with a maximum absorbance at 520 nm. The 315 red color formed only with free gallic acid and no with gallic acid esters, ellagic acid, or 316 other phenolics. Since the rhodanine assay using commercial tannic acid as substrate 317
give high absorbance values due to small amounts of free gallic acid present in the 318 preparation, we decided to use methyl gallate as substrate. 319
We used the rhodanine assay in cell-free extracts for a partial biochemical 320 characterization of L. plantarum tannase. Figure 2 showed some biochemical properties 321 of L. plantarum tannase. Tannase activity was optimal at pH 5, whereas at pH 6 the 322 enzyme retained only 40% of maximal activity (Figure 2A ). However, it has been 323 reported that the optimum pH for L. plantarum tannase production is pH 6 (Lamia and 324 Hamdi, 2002) . Rhodanine assay was performed at several incubation temperatures 325 ranging from 20 to 70 ºC ( Figure 2B ). The optimum temperature for the enzyme activity 326 was found to be 30 ºC, at which the enzyme activity was the highest (6.26 U/ml). 327 Similar optimal temperature was reported for fungal tannases (Aguilar and Gutierrez-328 Sánchez, 2001); however, bacterial tannase from Bacillus cereus showed optimum 329 activity at 40 ºC (Mondal et al., 2001) . With further increase in temperature tannase 330 activity was found to decrease. There was considerably good activity even at 50 ºC 331 (5.44 U/ml), this is an additional advantage since some of the processes assisted by 332 tannase are performed at increased temperatures. Prolonged incubation of cell-free 333 extracts at 22 or 37 ºC did not showed detectable loss of activity under the experimental 334 conditions used ( Figure 2C ). 335
To check the effect of substrate concentration on tannase activity, the assay was 336 performed at several concentration of substrate, methyl gallate. Enzyme activity was 337 maximal at 6.25 mM methyl gallate (11.4 U/ml). Further increase in substrate 338 concentration was found to reduce tannase activity (data not shown). A lower substrate 339 level for the maximal activity of the enzyme was considered as a positive factor for 340 industrial applications. 341 Table 1 shows the effects of metal ions on the tannase activity. Most of enzymes 342 require the presence of metal ion activators to express their full catalytic activity. At low 343 concentrations, metal ions act as cofactors of many enzymes, thereby increasing the 344 catalytic activity of the enzyme whereas at high concentrations the catalytic activity 345 could be reduced. L. plantarum tannase was found to be partially inactivated by the 346 
